Introduction {#sec1-1}
============

Perfecting facial esthetics and improving dental health are the main objectives in orthodontic treatment that can be achieved by correctly aligning the teeth. However, if it is not retained on the long run, it can be an unsuccessful and expensive ordeal. Apart from achieving good alignment and retention, patient perception and satisfaction are very important in clinical success. Most patients are unaware of posterior occlusion, but they recognize anterior crowding. Larger part of patients returning for orthodontic retreatment does so because of the crowding that relapsed during retention phase.\[[@ref1]\]

Moyers defined orthodontic retention as "the holding of teeth following orthodontic treatment in the treated position for the period necessary for the maintenance of the result."\[[@ref2]\] Posttreatment retention of teeth often require much skill than aligning them and yet considered lightly. Aligned teeth may show no relapse for years but retain its tendency for relapse. Hence, retention has to be a lifelong plan, especially with regard to rotations, midline diastemas, open bites, etc., or at least till growth completion in other cases. Therefore, many orthodontists opt for permanent retention in most of their patients.\[[@ref3]\]

Retaining teeth in its aligned position ensures reorganization of periodontal tissues, minimizes changes due to growth, allows neuromuscular adaptation to the new position of the teeth and holds teeth in stable positions with good contact points.\[[@ref1]\] Success of these fixed retainers depends on various factors mainly the diameter of the wire and its flexibility, the number of strands of wire and the bond strength with composite. Flexible wires reduce the stress concentration within the bonding composite, thereby minimizing bond failures. However, elastic deformation incorporated into the wire during its manipulation and mechanical deformation from masticatory forces can lead to unwanted tooth movements.\[[@ref4]\] Modulus of elasticity or its clinical analog, i.e. load deflection rate (LDR) is a characteristic of the alloy that is used for making the wires and determines its flexibility.\[[@ref5]\] LDR is the amount of external loading needed for unit deformation. Wires with very high LDR applies excessive forces on teeth, and their strength decreases quickly with tooth movement.\[[@ref6]\]

Hence, a good choice of wire for fixed retention must be flexible enough to allow physiologic tooth movement while exerting minimal forces on the teeth. It should also maintain the teeth in their intended position and be well retained on the teeth without the loss of dimensional stability. However, with the wide arrays of choices, clinicians must be prudent in selecting the appropriate retainer. Although the previous studies have analyzed various fixed retainer wires, the three-stranded twisted retainer wire (3M Unitek) has not been studied so far. These studies also evaluated the amount of deflection brought about by the debonding force but not the magnitude of force needed for unit deformation.\[[@ref7][@ref8][@ref9]\] Therefore, the present study was designed to evaluate and compare the bond strength of three commonly used fixed retainer wire-composite system including the three-stranded twisted retainer wire (3M Unitek) as well as the LDR for 0.5 mm deformation in these lingual retainer wires.

Materials and Methods {#sec1-2}
=====================

Evaluation of bond strength {#sec2-1}
---------------------------

Bond strength was tested using an *in vitro* model designed such that a vertical force could be simulated at the interdental wire between two mandibular incisors.\[[@ref9]\] Caries-free human mandibular incisor teeth with intact lingual enamel were obtained from patients undergoing extractions due to periodontal, prosthetic or orthodontic reasons. The model was prepared by placing two incisors adjacent to each other so as to simulate a contact point between their crowns and the roots embedded in self-cure acrylic till the cervical margin.

The enamel surface of each tooth was cleaned with oil-free pumice, washed with distilled water and dried with air. Lingual enamel surfaces were etched with 37% orthophosphoric acid gel (Transbond™ XT etching gel system; 3M Unitek, Monrovia, California, USA) for 30 s, followed by thorough washing and drying. A 15 mm length of lingual retainer wire gently curved for a passive fit to the lingual surfaces of the teeth was used for each specimen. Following the application of primer (Transbond™ XT system; 3M Unitek), the wire was bonded with light cure adhesive (Transbond™ XT adhesive; 3M Unitek) between the two incisors such that the midpoint of the wire would coincide with the interdental area. A dome-shaped mould wire bonder (Mini-Mold™, Ortho-Care Ltd., Bradford, West Yorkshire, UK) was used to standardize the composite diameter and maximum depth of 4 mm and 1.5 mm respectively; resulting in an area of 12.6 mm^2^ for each bond and a total bond area of 25.2 mm^2^ for each specimen. It was light-cured using LEDition Ivoclar Vivadent light cure unit once the excess composite was removed.

Sixty such models were prepared and divided into three groups (Group A, B, and C) of 20 each. Three different types of wires \[[Figure 1](#F1){ref-type="fig"}\] were tested; Group A -- custom-made three-stranded twisted ligature wires 0.010 inch each (three-stranded-0.030 inch), Group B -- 0.016 × 0.022 inch (Bond-A-Braid^®^, Reliance Orthodontic Products, Itasica, Illinois, USA.) and Group C -- three-stranded twisted lingual retainer wire 0.036 inch (3M Unitek). The specimens were stored in distilled water for 24 h before the testing.

![Three types of fixed retainer wires used-Group A (custom-made three-stranded twisted ligature wires), Group B (Bond-A-Braid^®^, Reliance Orthodontic Products, Itasica, Illinois, USA.), and Group C (three-stranded twisted lingual retainer wire, 3M Unitek)](CCD-9-10-g001){#F1}

Shear bond strength was tested with a universal testing machine (Instron, Canton, MA, USA). The model with the embedded teeth was placed in the fixed lower jaw of the machine and the chisel edge attached to the movable upper jaw delivered the vertical force on to the marked midpoint of the interdental wire segment producing a shear force at the wire-tooth interface with a crosshead speed of 2 mm/min. The bond strength measured as the maximum force in Newton (N) to cause debonding/wire removal from the composite pad on at least one of the incisor pairs in each specimen. The reading displayed on the electronic console attached to the Instron unit was recorded.

Evaluation of load deflection rate {#sec2-2}
----------------------------------

The LDR was measured using the three-point bending test with the Instron Machine (Universal Testing Machine, Model 2710-103; Instron, Canton, MA, USA). The same grouping as for bond strength test (Group A, B, and C) was followed with each group having 20 straight pieces of the corresponding wire cut to a length of 30 mm each. The striker or brass rod was attached to the upper movable head of the Instron three-point bending machine, and a vertical force was applied toward the middle of the wire specimen at a crosshead speed of 1 mm/min for loading. The mid-portion of the wire was loaded until it deflected by 0.5 mm. All specimens were prepared and various measurements carried out under identical testing conditions by the same researcher for the purpose of standardization.

Statistical analysis {#sec2-3}
--------------------

Descriptive statistics including the mean bond strength and LDR along with the standard deviation was calculated for each group. One-way ANOVA was used to compare the mean bond strength and LDR among the three groups, and Tukey\'s honest significant difference (HSD) *post hoc* test was used for pairwise comparisons. Statistical analysis was performed with SPSS version 17.0 (SPSS Inc. Released 2008. SPSS Statistics for Windows, Version 17.0. Chicago: SPSS Inc.) with *P* threshold set at 0.05.

Results {#sec1-3}
=======

Bond strength {#sec2-4}
-------------

Group C showed the maximum mean bond strength (107.17 N) followed by the Group A and Group B wire with 72.49 N and 56.62 N, respectively \[[Table 1](#T1){ref-type="table"}\]. The minimum and maximum bond strength for Group A was 58.36 N and 91.27 N, Group B was 42.37 and 70.82 N, and Group C showed 81.33 N and 132.59 N, respectively. The difference between the mean bond strength of the three groups was analyzed further using Tukey\'s HSD *post hoc* test for multiple pairwise comparisons. Mean bond strength of Group A was more than Group B by 15.858 N but less than Group C by 34.684 N. The mean bond strength of Group B was less than Group C by a notable 50.543 N. These comparisons were all statistically significant (*P* \< 0.001).

###### 

Mean bond strength of the three retainer wires
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Load deflection rate {#sec2-5}
--------------------

With regard to the LDR, Group C showed the highest mean LDR of 1.84 N followed by Group A and Group B with 0.615 N and 0.511 N, respectively \[[Table 2](#T2){ref-type="table"}\]. The minimum and maximum LDR for Group A was 0.445 N and 0.715 N while that of Group B was 0.404 N and 0.632 N, respectively. LDR of Group C showed minimum and maximum values of 1.523 N and 2.144 N, respectively. The difference in the mean LDR between the three groups was analyzed using Tukey\'s HSD *post hoc* test to make multiple pairwise comparisons. Mean LDR of Group A was more than Group B by 0.1053 and lesser than Group C by 1.2271 N. LDR of Group B was less than Group C by 1.3324 N. All these findings were statistically significant.

###### 

Mean load deflection rate of the three retainer wires
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Discussion {#sec1-4}
==========

Achieving stability is an important aspect of active orthodontic treatment that continues even into the retentive phase. Active orthodontic treatment achieves stability by moving teeth to establish proper occlusion within the limits of normal muscle balance with due consideration of apical base/bases and the relationship of the bases to one another.\[[@ref10]\] During retention phase, stability is achieved by reorganization of the gingival and periodontal fibers to the new position of the teeth. Both these mechanisms help to prevent relapse.\[[@ref11]\] Lack of stability can lead to loss of either the function or esthetics or both that was achieved during the active phase of treatment. Apart from gingival and periodontal reorganization, the type of treatment along with growth changes that happen after treatment can additionally contribute to relapse. For these reasons, any existing orthodontic control over tooth position and occlusal relationships must be slowly withdrawn to reduce the chances of relapse.\[[@ref1][@ref2][@ref12]\] Hence, long-term preservation of anterior teeth in its aligned position with fixed retainers is essential and the type of retention must be included in the initial treatment plan.

The changes in the periodontal ligament that happens during active orthodontic treatment does not revert back to its normal architecture as long as teeth are rigidly splinted to one another. Therefore, as soon as teeth movement is completed, each tooth must be allowed to respond on its own to masticatory forces. Such reorganization may take about 3--4 months and would also allow for any mobility of teeth that was present during appliance removal to wane off. The gingival fibers and supracrestal fibers reorganize at an extremely slow pace and hence produce enough forces to cause relapse. These forces may remain active even beyond 1 year of removal of orthodontic appliance and warrants the role of prolonged retention. Hence, fixed palatal or lingual retainers are advisable. Such retainers remain effective as long as they remain bonded to the tooth surface and are able to withstand occlusal forces without breakage, deformation, or causing inadvertent forces onto the teeth.\[[@ref1]\]

The present study was undertaken to examine the bond strength and LDR of three commonly used fixed retainer wires. Although the previous studies evaluated different lingual retainer wires, adhesive systems or their combinations, the three-stranded-twisted lingual retainer wire (3M Unitek) has not been tested before.\[[@ref7][@ref8][@ref9]\] Most of these studies evaluated the amount of deflection that occurs during debonding but not the force required to bring about unit deflection (LDR).\[[@ref7][@ref8][@ref9]\]

Multistranded wires were chosen for the present study since they can allow for physiological movement of the teeth and their braided surface enhances the retention. A strict protocol was followed to minimize bond failures due to moisture contamination, movement of lingual retainer during curing of the composite or due to inadequate bulk of composite used for bonding. Adequate moisture control was maintained throughout the procedure. To avoid movement of the wire during curing, a passive fit to the lingual surface of the teeth was ensured by incorporating gentle curve into the wire. The amount of composite used for each bond was standardized using the mould wire bonder. It also ensured that the wire would be centered within the composite bond by means of the groove present on the mould. The choice of etchant, primer, and adhesive, length of retainer wire and the steps in bonding were all the same in the three groups so as to the minimize chances of errors. The same operator performed all these procedures, and hence standardization was achieved in this regard.

When the bond strength for the three different retainer wires was studied, it was seen that Group C exhibited the highest bond strength of 107.17 N followed by Group A (72.49 N) and Group C (56.63 N) \[[Figure 2a](#F2){ref-type="fig"}\]. The value range of bond strength for Group B (Bond-A-Braid) was in accordance with the values obtained for the same in the study done by Baysal *et al*.\[[@ref9]\] Another study done by Radlanski and Zain also showed similar values (64.3N) for bond strength.\[[@ref13]\] However, the investigation protocol was different where the force was applied to the adhesive pad of a wire/bond interface. An additional finding in the present study was that wire fractures were encountered with the Group B (Bond-A-Braid). The previous studies on orthodontic brackets showed that a bond strength of 6--8 MPa were sufficient to withstand orthodontic forces while the normal oral loading was between 3 and 18 N. Although it can be assumed that the fixed retainer wires will not be subject to oral loading to the same extent, very little information is available on the minimum clinically acceptable bond strength in relation to bonded retainer wires.\[[@ref14][@ref15]\]

![Comparison among the three retainer wires. (a) Mean bond strength. (b) Mean load deflection rate](CCD-9-10-g004){#F2}

Similarly, when the mean LDR for the three groups were compared, it was seen that the highest LDR was exhibited by Group C (1.84 N) followed by Group A (0.62 N) and Group B (0.51 N) \[[Figure 2b](#F2){ref-type="fig"}\]. The higher LDR of Group C (three-stranded-twisted lingual retainer wire) helps it to better resist deformation and hence prevent inadvertent tooth movement. On the contrary, Group A and B exhibited lower LDR (0.5 mm deflection). The previous studies done until date has only assessed the amount of deflection brought about by the debonding force but not the force required to bring about unit deflection.\[[@ref7][@ref8]\] Hence, comparison with other studies could not be made with regard to this finding.

According to Lie Sam Foek *et al*., the results of such *in vitro* studies can relate to *in vivo* conditions. However, more clinical studies may be needed to assess the effect of saliva, physiologic movement of teeth, functional forces of tongue, and mastication as well as the presence of plaque and calculus. This inability to mimic *in vivo* conditions can be considered as a drawback of the present study. Although only human mandibular incisor teeth were used, the wide age group of the teeth donors, varied morphology of lingual surface, tooth size, etc., could have also influenced the results by altering the forces created at the wire-composite-tooth interface. However, this was unavoidable due to difficulties in obtaining teeth based on numerous criteria.\[[@ref16]\]

Complex forces could also have arisen when a vertical force was applied to the interdental segment of the wire that was bonded on both ends to the uneven lingual surfaces of lower incisors. Hence, the force value could be expressed only in newton and not as megapascals.\[[@ref17]\] The manner in which debonding was done in the investigative the protocol of the study might not be the true representation of the same in the oral cavity. *In vivo* situations also utilize longer retainer wire lengths extending from canine to canine. The properties of periodontal tissues including its viscoelasticity, width of periodontal ligament space, supporting alveolar bone characteristics, length, shape, and number of roots could not be incorporated into the design of the models, and hence, its influence on the success or failure of the retainers was not evaluated. Another drawback was that the investigative protocols differed among studies and hence, comparison of the results with other studies was difficult. For example in the present study, the debonding force was applied at the interdental segment of the wire. However, some authors preferred to apply force directly at the bonding site.

Conclusion {#sec1-5}
==========

Ideally, the bond strength of the fixed retainer wires must be high so that they are well retained on the tooth surfaces, and the LDR should be high enough to withstand occlusal forces without deformation but still render the wire flexible enough to allow physiologic tooth movement. If the LDR is low, the wire can deform easily causing inadvertent tooth movement or result in cracks within the composite. Forces of mastication or cleaning the retainer using floss can cause repetitive deformation and ultimately lead to breakage. Lower LDR that results in easy deformation of wires can be an unnoticed cause of relapse. Such an active component may result from improper manipulation of the wire by the clinician or a mechanical deformation by masticatory forces due to lower LDR of the wire.

Overall results showed that the bond strength as well as the LDR was better for Group C (three-stranded twisted ligature wire-- 3M Unitek). Hence, as compared to the other two types of wires, Group C might be better retained on the teeth. Due to its relatively high LDR value, it resists deformation from occlusal forces, thereby reducing the chances of inadvertent tooth movement and yet remains flexible enough to allow physiologic tooth movements.
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